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A clonal micropropagation protocol was developed for 
two South African yellowwood species Podocarpus 
henkelil and P. e/ongatus. The repetitive shoot produc-
tion method relies on shoot development from axillary 
buds present In the apical region of seedlings. The num-
ber of axillary shoots yielded, remained constant over 
three subcultures of the seedling apices. Axillary shoots 
were elongated on the explant until six expanded leaves 
were formed. Excised shoots of P. henkelii grew best on 
Woody Plant Medium supplemented with 2gl·1 activated 
charcoal. However, in the case of P. elongatus, activat-
ed charcoal led to hyperhydricity. Shoots began rooting 
in vitro four months after excision from the explant. 
Rooted plantlets were successfully transferred to a pot-
ting compost mixture and acclimatised. 
Abbreviations: BA = 6-benzyladenine, iP = iso-pentenyladenine, MS = Murashige and Skoog Medium, WPM = Woody Plant Medium 
Four Podocarpus species are native to South Africa, 
amongst them Henkel's yellowwood (P. henkelit) and the 
Breede River yellowwood (P. elongatus). Yellowwoods have 
been among the most heavily exploited trees in South Africa 
for their excellent multipurpose timber (Palmer and Pitman 
1961, Palgrave 1977). This exploitation resulted in these 
trees coming under pressure around the turn of the Century. 
Consequently all species are now protected. Tissue culture 
offers an opportunity to conserve and mass propagate these 
valuable gymnosperm trees. 
Some gymnosperm genera produce few axillary buds and 
they, therefore, require specific micropropagation systems, 
different from the shoot culture methods used for 
angiosperms (George 1996). Micropropagation protocols 
described by Baxter eta/. (1989) and Gleed eta/. (1995) for 
several Pinus species made use of the fact that the highest 
number of axillary buds is situated just below the apex of 
seedlings. This paper describes a similar type of multiplica-
tion procedure developed for P. henkelii and P. elongatus. 
P. henkelii explants were derived from zygotic embryos 
from arils gathered in mid-February. They were decontami-
nated in 3.5% NaOCI for 20min and rinsed four times in dis-
tilled water. The embryo was excised and placed on the 
basal culture medium described below, supplemented with 
BA at concentrations of 0, 0.05, 0.1 and 1 mgl' . One embryo 
was grown per 20 x 1 OOmm glass tube, with thirty replicates 
per treatment. 
After 5 months in vitro each seedling was divided into one 
apical portion with 6 expanded leaves and one basal portion. 
These were placed on the basal culture medium without 
growth regulators for 8 weeks. Axillary shoots, with 6 or 
more expanded leaves, at least 1 em in length, were excised 
from the basal explant after 8 weeks and placed on the basal 
culture medium alone, or the basal culture medium supple-
mented with 2gl·' activated charcoal. One axillary shoot was 
grown per tube (20 x 1 OOmm) with 100 replicates per treat-
ment. For the second and third subculture the apical portion 
of the seedling explant was divided after 8 weeks growth into 
an apical portion with 6 expanded leaves and a basal por-
tion. 
P. e/ongatus explants were derived from 12-month-old 
seedlings. These were divided into apical and basal por-
tions. The explants were decontaminated with 1.2% NaOCI 
for 20min, rinsed 4 times in sterile distilled water and placed 
on the basal culture medium. The explants were transferred 
to fresh nutrient medium after one and then again after three 
weeks, to reduce browning of the explants. The apical por-
tions were placed on the basal culture medium without 
growth regulators, while the basal portions were placed on 
the basal cu lture medium or the basal culture medium sup-
plemented with a combination of cytokinins (0.01 mgl' BA + 
0.01 mgl' Kinetin + 0.01 mgl·' Zeatin + 0.02mgl' iP). Three 
samples with 8 plants each were used per treatment. 
Excision of axillary shoots from the basal portion of the 
explant, and subculture of the apical portion were as for P. 
henkelii. 
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The basal culture medium used was Woody Plant Medium 
(WPM) (Lloyd and McCown 1981) supplemented with 
Murashige and Skoog (MS) vitamins (1962). 1 OOmgl ' myo-
inositol and 20gl ' sucrose, solidified with 9gl' agar (Unilab). 
The pH was adjusted to 5.8 prior to autoclaving with 1M 
NaOH. Cultures were maintained under a 16h light regime of 
451.Jmolm's ' provided by cool white fluorescent tubes. 
Rooted plants were transferred to a 1:1:1 (v:v:v) mixture of 
potting compost, quartz sand and vermiculite in plastic con-
tainers, covered with polyethylene film, in a 80% shade 
house to acclimatise. 
Zygotic embryos of P henkelii grew well on the (WPM) 
basal medium (Figure lA). With the addition 0.05mgl·' SA 
dark friable callus formed at the stem base (Figure 1 S). 
When 0.1 mgl ' or more SA was added to the medium the 
shoot was shortened, with the plantlet top having a more 
dense appearance (Figures 1 C, 1 D). With 1 mgl ' SA the 
stem thickened and adventitious buds formed on its surface 
(Figure 1 D). The formation of adventitious shoots directly on 
zygotic embryos at higher cytokinin concentrations 
(Kowalski and Van Staden 1998) is potentially useful for 
mass propagation for afforestation. However, the possibility 
of somaclonal variation can compromise programs commit-
ted to the production of true to type plants, needed for con-
servation. 
Axillary shoots emerged readily from the basal portions of 
the seedlings, and also from the basal portions of the sub-
cultured and elongated seedling apical portion (Figures 2A, 
2S). The emergence of shoots from axillary buds increased 
in the basal portions of seedlings grown on culture medium 
with 0.05mgl ' SA and higher, compared to seedlings grown 
on medium without SA (Table 1 ). However, SA concentra-
tions higher than 0.05mgl·' did not significantly increase the 
number of emerging axillary buds (Table 1 ). The number of 
axillary shoots produced did not differ significantly between 
subcultures (Table 2) . No further cytokinin application was 
necessary for production of axillary shoots during the sec-
ond and third subculture of the seedling apical portions. 
Excised shoots of P. henkelii continued to elongate 
regardless of the SA concentration on which they originated, 
and elongated both on the basal culture medium and basal 
culture medium supplemented with 2gl·'activated charcoal. 
On the latter medium plants had larger leaves and were 
greener (Figures 4A, 4S). Shoots started rooting in vitro four 
months after excision from the explant, irrespective of the 
presence or type of auxin supplied (data not shown). When 
plantlets had started rooting in vitro, the survival rate at accli-
matisation was 100%. Plantlets that had not rooted in vitro, 
had still not formed roots one month after transfer. 
Axillary shoots of P. elongatus emerged and elongated as 
Table 1: Emergence of axillary shoots from plantlet basal portions 
of Podocarpus explants within 8 weeks. Treatments followed by the 
same letter are not significantly different at P = 0.05 
BA (mgl') Cytokinin combination 
Spectes Control 0.05 0.1 1.0 
P. henkelii 2.1a 4.5b 5.3b 4.9b 
P. elongatus 2.9a 2.7a 
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for P. henkelii (Figures 3A, 3S, 3C). The cytokinins did not 
increase the emergence rate or number of axillary buds from 
the bases of seedling shoots (Table 1 ). The number of axil-
lary buds developing into minishoots in the second and third 
subculture did not differ significantly between subcultures 
(Table 2). Excised shoots elongated on WPM. Shoots trans-
ferred to WPM basal culture medium supplemented with 2gl ' 
activated charcoal, immediately after excision. became 
hyperhydric (Figure 4D). When excised shoots were grown 
on WPM basal medium without activated charcoal for 12 
weeks and then transferred to medium containing 2gl·'acti-
vated charcoal, the plants continued growth without hyper-
hydricity (Figure 4C). 
The apical regions of seedlings provided a potential 
source of axillary shoots for purposes of continued shoot 
proliferation and clonal mass propagation of Podocarpus 
spp. It is difficult to micropropagate explants derived from 
mature Podocarpus trees. as they are difficult to establish. 
due to contamination problems. The percentage of pla-
giotropic plants may also be higher (George 1996). While 
zygotic embryos can be excised with relative ease from arils 
of P. henkelii, it is more difficult for arils with lignified peri-
carps such as P. elongatus. Such seeds can be germinated 
under near-aseptic conditions, and the explants then trans-
ferred into in vitro culture, or they can be germinated in vitro 
(Legesse 1992). 
The following clonal micropropagation scheme is pro-
posed for P. henke/ii and P. elongatus. Seedlings are grown 
until the crown can be split into a plantlet tip for the perpet-
uation of explant sources with high numbers of axillary buds, 
and a plantlet base for the production of axillary shoots. The 
emergence of the axillary buds from the plantlet bases of P. 
henkelii can be accelerated, if the seedlings are grown on 
culture medium containing SA. SA is the hormone most fre-
quently used for shoot induction in gymnosperms (George 
1996). Daimon and Mii (1991) found that SA produced more 
shoots from stem explants of P. macrophyllus than zeatin 
and kinetin. This was also found for P. henkelii in earlier work 
(unpublished). If this cytokinin is applied the concentration 
should be kept low, since higher SA concentrations did not 
significantly increase the number of emerging axillary buds 
and could decrease the viability of shoots. The formation of 
adventitious shoots directly on zygotic embryos at higher 
cytokinin concentrations (Kowalski and Van Staden 1998) is 
potentially useful for mass propagation for afforestation. 
However, the possibility of somaclonal variation can com-
promise the production of true to type plants for conserva-
tion programs. 
No information exists about growth regulator requirements 
for P. elongatus. Due to the scarcity of plant material a 
Table 2: Total number of axillary shoots formed during subsequent 
subculture of seedling apices. Treatments followed by the same let-
ter are not significantly different at P = 0.05 
Subculture 
Species First (seedling basal portion) Second Third 
P. henkelii 5.3a 7.5b 6.0a 
P.etongatus 2.7b 2.8b 2.3b 
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Figure 1: Seedlings from zygolic embryos of P. henkelii with different concentrations of BA in the culture medium. A. Omg I' (Control) B. 
0.05mg 1· C. 0.1 mg I ' D. 1.0mg I '. with adventitious shoot formation 
Figure 2: M1nishoots from plantlet bases of P. henkelii. A. Budbreak at plantlet base from seedling grown on WPM. B. Budbreak at plantlet 
base from seedling grown on WPM + lmgl · BA. C. Elongation of mlnishoots on the explant 
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Figure 3: M1n1shoots from plantlet bases of P. elongatus. A. Budbreak. B. Minishoot. C. Elongation of minishoots on the explant 
Figure 4: Elongated mini shoots. A. P. henke/ii on WPM. B. P henkelii on WPM with activated charcoal. C. P. elongatus grown on WPM with-
out activated charcoal for 12 weeks and then transferred to WPM with activated charcoal. D. P. elongatus on WPM with activated charcoal 
growth regulator mixture was opted for, an approach that is 
reported to increase the efficiency of each single component 
(George 1993). There may be several reasons why no effect 
on shoot production from axillary buds was observed. Firstly, 
growth regulators may not promote the growth of axillary 
buds in P. e/ongatus or the anticipated synergy effect did not 
occur: secondly, the growth regulator treatment should have 
been applied to the apical and not to the basal region. 
After the seedling tip was split, no further cytokinin appli-
cation was necessary for production of axillary shoots from 
P. henkelii until the third subculture of the seedling apical 
portion. A necessity for regular cytokinin addition may arise 
after more subcultures. The number of axillary shoots pro-
duced did not differ significantly between subcultures, indi-
eating that the con tinuous propagation of the apical region 
may provide a more stable source of apical buds than axil-
lary shoots, reducing levels of interclonal variation with 
respect to the multiplication rate. 
Early work showed that survival and growth of excised 
axillary shoots as well as the perpetuated culture of the api-
cal portion of P. henkelii depended on their development and 
elongation before excision (unpublished data). Similar 
observations were made with adventitious shoots of P 
17enke/ii formed directly on zygotic embryos (Kowalski and 
Van Staden 1998). Axillary shoots should, therefore, be 
allowed to elongate sufficiently on the basal stem portion, 
before excision from the explant takes place. 
After excision, shoots of P. henkelii and P. e/ongatus had 
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Figure 5: Micropropagation scheme for Podocarpus 
dilferent requirements with respect to growth medium. Little 
information is available on the most suitable medium for 
subculture of Podocarpus species. Woody species can be 
grown more successfully on low salt media, and both P 
henkelii and P elongatus grew well on the basal WPM used 
here. Activated charcoal is generally beneficial for the 
growth of conifer shoots (David 1982, Boulay 1987). It also 
proved beneficial for the growth of P henkelii shoots. In 
freshly excised P elongatus shoots it induced hyperhydrici-
ty. As reported for P macrophyl/us (Daimon and Mii 1991 ), 
shoots of P henkelii and P e/ongatus rooted in vitro without 
auxins and could be readily established in soil. A proposed 
scheme for the micropropagation of Podocarpus species is 
outlined in Figure 5. 
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